Recent advances in poultry genetics include the development of two chicken linkage maps based primarily on molecular markers (Bumstead and Palyga 1992; Levin et al. 1994) . This approach promises a wide range of benefits, including the ability to use whole-genome QTL analysis for traits of interest and increased information regarding conservation of syntenic groups and gene structure between taxonomic groups. Before these promises are realized, continuing efforts toward dense marker saturation and a shared core of markers that have been analyzed in both gene mapping reference populations are imperative. Both type I and type II markers are of interest in these efforts. Type I markers, detecting specific genes, are of interest because they provide information on syntenic groups conserved throughout evolution and because they can be analyzed as candidate genes in QTL studies. Some type II (anonymous) markers are important because they are easily and rapidly generated and are therefore useful for quickly saturating linkage maps. Others, such as microsatellites, are initially expensive and time consuming, but easy to transfer between labs and to automate for large scale typing. Both lines of inquiry are currently being pursued (Bernot et al. 1994; Bumstead et al. 1993 Bumstead et al. , 1995 Cheng and Crittenden 1994) in the international effort to map the chicken genome.
We have collaborated with this effort by screening 25 T-cell derived cDNA clones generated by the Compton Laboratory (Bumstead et al. 1994) in the East Lansing reference population. Most (24) of the cDNA clones screened have one or more sequence tags that show homology to other avian or mammalian genes in the Genbank or EMBL databases, and some of them have already been mapped in the Compton population by the Compton Laboratory (Bumstead et al. 1994) . The major objective of the current study is to contribute to the development of a consensus linkage map between the two international reference population maps. Linkage analysis of restriction fragment length polymorphisms (RFLPs) of probes polymorphic in both populations will help tie together the linkage groups of the two reference maps and confirm the placement of mapped genes. Also, the presence of these cDNAs in an immune cell-derived library suggests that some may be involved in immune function. Placement of immunologically significant DNA sequences on the chicken linkage maps should be beneficial for QTL analyses performed on disease resistance traits.
Materials and Methods

Southern Blotting and Hybridizations
Genomic DNA samples of the individuals in the East Lansing reference population were obtained from the Avian Disease and Oncology Lab (East Lansing, Michigan). Samples were digested to completion following the manufacturer's instructions (PROMEGA, Madison, Wisconsin) . Seven enzymes were used to screen the parents of each population for polymorphisms: BamH\, EcoRX, PsA, Pvutt, Sad, and Taql. Kpn\ was also The initn alignment score is noted in parentheses after the gene description. The highest scoring alignment (with initn > 300) is listed for each sequence-tagged site.
used on the screening blots, but star activity yielded unreliable results; therefore, these data were not analyzed. After screening for polymorphisms in the parents, mapping blots of the 52 progeny were produced with the following restriction enzymes: Pst\, Sad, Taql, and EcoRl. Five or 6 |xg of each sample of DNA was electrophoresed through a 0.8% agarose gel (1.3 V/cm) for 40-48 h until no fragments of <500-700 bp remained on the gel. Southern transfers were performed onto Hybond N+ (Amersham, Arlington Heights, Illinois) as recommended by the manufacturer. DNA was fixed to the filters by exposure to 0.12 J/cm 2 of ultraviolet light (254 nm) in a UV Stratalinker 2400 (Stratagene, La Jolla, California). Hybridizations were overnight at 65°C in 0.263 Na 2 HPO 4) 7.0% SDS, 1.0 mM EDTA, and 1.0% BSA in a hybridization oven (Robbins Scientific, Sunnyvale, California), and washes were at 0.1 X SSC, 0.1% SDS, 65°C twice for 20 min. The membranes were then exposed to x-ray film (Fuji Photo Film, Japan) between two intensifying screens at -70°C for 1-10 days.
Preparation of Inserts for Hybridization
Probes from a pCDM8 T-cell-derived cDNA library (Bumstead et al. 1994 ) were prepared by PCR amplification of plasmid DNA using pCDM8 T7 and reverse primers, and subsequent reprecipitation and digestion with either Xba\ or Xho\. Polymerase " Underlined fragments are Jungle-Fowl specific and polymorphic in this cross. » c280A was typed by using the entire C280 insert, and c280B was typed using a 400-bp EcoR\ fragment of the c280 insert. ' Unlinked (Crittenden, unpublished, July 1994) to the EIF4A2 locus identified by c25 on C4 (Bumstead et al. 1994). chain reaction conditions were 100 ng plasmid, 24 pmol of each primer, 1.5 or 0.75 mM MgCl 2 , 0.05 mM of each dNTP, 50 mM KC1, 10 mM Tris-HCl (pH 9.0 at 25°C), 0.1% Triton X-100, and 2.25 units of thermostable Taq DNA polymerase (PROME-GA, Madison, Wisconsin). Cycling was for 1 min at 94°C, 45 s at 55°C, and 3 min at 72°C, for 25 cycles, with a final extension time of 10 min. Radioactive probes were prepared by random-priming (Feinberg and Vogelstein 1983) 50 ng of the PCR-amplified insert. A probe specific for the c280B locus was generated by EcoRX digestion of the c280 PCR amplified insert. Both fragments (700 bp and 400 bp, respectively) were electroeluted into 1 X TBE, reprecipitated, and labeled as already described. Hybridization indicated that the 400-bp c280 fragment was specific for the c280B locus.
RFLP Analysis
Progeny were genotyped by using one or more of the probe/enzyme combinations that gave a polymorphic and scorable RFLP pattern on the screening blots. The minimum number of the progeny DNA samples typed in the East Lansing population was 50. GENE-LINK software (Montagutelli 1990) was used to detect linkage, to estimate map distances in centiMorgans (cM), and to determine the maximum likelihood order of linked loci. All reported linkages are significant at P < .001.
Homology Searches
Expressed sequence tags were produced and analyzed by the Compton Laboratory. Homologies were identified by FASTA searches of the GenBank and EMBL databases (Genetics Computer Group 1991; Pearson and Lipman 1988) by using a wordsize of 6. The highest scoring alignment with an initn score of at least 300 is listed for each expressed sequence tag (Table 1) .
Nomenclature
Where previously mapped loci have one or more names, the nomenclature of Levin et al. (1994) is used. Loci reported in this communication are named in Table 2 . Linkage group nomenclature of Levin et al. (1994) is used where abbreviation is necessary (e.g., El = East Lansing linkage group 1).
Results and Discussion
Polymorphisms and Linkage Analysis
Ten of the 25 cDNA probes screened (40%) yielded polymorphic restriction patterns in the East Lansing reference population with at least one of the seven restriction enzymes used. One of these cDNA probes (c495) detected an additional band in the four inbred White Leghorn female parents (instead of the male F, parent) that was not transmitted to any of the progeny. The source of this additional band is uncertain. The inheritance pattern might possibly be due to retroviral DNA present in the genomic DNA samples of the female parents. The c495 clone shows substantial homology to the PR264/SC35 splicing factor (Table 1) , which has a close transcriptional relationship with the proto-oncogene cmyb Sureau and Perbal 1994) . Deleting the unusual segregation pattern of c495 from further analysis, 36% (9/25) is a better estimate of the level of polymorphism found in screening the cDNA probes with six informative enzyme digestions.
The nine polymorphic cDNA probes (excluding c495) had additional bands in the male F, parents (as expected), and most segregation ratios were not significantly different from the expected 1:1. The only exception was c374, which co-segregated with the evl locus (Levin et al. 1994 ) and segregated 18:34. One cDNA probe (c280) detected two independently segregating loci instead of one, for a total of 10 polymorphic loci that were analyzed. Of these loci, eight co-segregate with or show linkage to other published loci Levin et al. 1994) , and two (cl77 and c408) are unlinked to any published loci (Table 2) .
Three loci (c280A, c280B, and c374) cosegregate with other published loci. The c280A locus co-segregates with the serologically typed blood group locus R, EaR. These loci are on a small new linkage group in the East Lansing population, designated E38. The c280B co-segregates with the RAPD marker MSU14 and is linked to the anonymous RFLP markers COM95 and COM4. These loci are on the East Lansing linkage group 2 (E2) (Levin et al. 1994 ), but it is impossible to locate the relative position of these linked markers on E2. As previously mentioned, c374 co-segregates with the evl locus on El. The evl locus has been physically mapped to chromosome 1 by fluorescent in situ hybridization (FISH) (Ponce de Leon et al. 1991) .
Five clones (c52, c342, c372, c389, and c497) identify loci that are linked to previously published loci. c52 is 8 cM from HMG14A, a locus detected by the cloned HMG14 cDNA, which places c52 on E5. c52 was mapped 25 cM from COM63E on C17 in the Compton reference population (Bumstead et al. 1994) . The HMG14 cDNA encodes a small nonhistone chromosomal protein (Dodgson et al. 1988) . The HMG14A and PGK were recently mapped by fluorescence in situ hybridization to chicken chromosome 4 (Levin et al. 1994; Rauen et al. 1994) . c342 is 18 cM from the anonymous RAPD markers MSU48 and MSU30, which places it on the end of El6. c372 is in the middle of E18, 9.6 cM from both RAPD markers MSU31 and MSU32. c389 is in El, 8 cM from MSU34/MSU46 and 10 cM from ADL10. c497 is on the end of E7, 16 cM from ADL23 , which is 16 cM distal of COM12 (Levin et al. 1994) .
Two loci (identified by clones cl77 and c408) are not linked to previously published loci, but are linked to recently mapped loci (Crittenden, unpublished data, July 1994) . cl77 is on E44, and c408 on E36.
Of the 10 loci that were analyzed and mapped, only two are not linked to previously published markers, and these two are linked to recently mapped markers (Crittenden, unpublished, July 1994) . This indicates that the chicken genome is well saturated in the East Lansing linkage map, as has also been noted by other researchers working with this population (Levin et al. 1994) . Relative to other studies, the percentage of polymorphic markers was low (36%). Other studies have indicated levels of polymorphism between 45% Khatib et al. 1993 ) and 70% (Levin et al. 1994) for this particular population, using microsatellite and RFLP markers, respectively. Bumstead et al. (1994) reported 45% polymorphic markers in a set of 22 different cDNAs selected from the same T cell library and tested on the Compton reference population. There are two likely reasons for low polymorphism detection in the current study: (1) a smaller panel of restriction enzymes was used than in previous RFLP analyses with this population , and (2) the cDNA clones screened as markers in the current study were preselected for those that showed high homology to other (mostly mammalian) genes. Evolutionary conserved sequences are less likely to be polymorphic than a random collection of sequences. The advantage of using cDNAs selected by screening a cDNA library for expressed sequence tags is increased information about possible functions encoded by genes at each locus.
Homologies
The gene sequence from the Genbank or EMBL databases most homologous to each expressed sequence tag is listed in Table 1 . Homology rankings are based on the initn alignment score produced by FASTA (Pearson and Lipman 1988) , which is listed in parentheses after each gene description. Lack of sequence homology at one end (c52, cl77, c497) may reflect either sequence divergence in the 5' or 3' untranslated regions or lack of sequence information in these regions. Only in the case of c280 does the sequence homology of the T7 and pCDM8 reverse primers disagree. This cDNA probe also detects two different loci: one that co-segregates with EaR {c280A), and another that co-segregates with MSU14 and is linked to E2 (c280E) . This is likely a chimeric cDNA clone, as probing with a nonchimeric 28S probe gives a Sad fragment with a segregation pattern identical to c280A (Bumstead, unpublished, 1995) .
Two different chicken cDNA clones (c25 and c408) have been identified that bear high homology to mouse elongation initiation factor 4AII. c25 was reported by Bumstead et al. (1994) to map to C4 and to be very tightly linked to cl4 (EF1A). In contrast, in the present study, c408 does not map with markers near c25, but on E36 (Crittenden, unpublished, July 1994) . Thus, the two clones, each of which bear high homology on both termini with mouse EIF4A1I, identify unlinked loci. Further research is needed to determine if chickens possess a gene duplicated on two chromosomes or if the two loci actually represent two different genes, each with high homology to mouse E1F4AII.
For clone c374 there is cross-hybridization information that supports the sequence homology data. The duck lactate dehydrogenase B 4 gene has been cross-hybridized to genomic chicken DNA (Nielsen and Trachsel 1988) . One of the enzymes used, Sad, was also used to map c374 in the East Lansing reference population. Our three largest fragments (Table 1) are approximately the same size as those depicted by Nielsen and Trachsel (1988) , although we had an extra (1.3 kb) band that their cross-hybridization did not detect. This evidence supports the sequence data, which indicates that c374 shows homology to the LDH-B 4 gene.
Two cDNAs co-segregate with markers that are of significant interest to immunogenetics: c374 with evl, and c280A with EaR. Evl segregation can be detected with RFLPs, but EaR can presently only be de-tected serologically. Blood group locus R (EaR) segregates with the single dominant gene for susceptibility to avian leukosis virus (ALV) subgroup B and E in chickens, which also express endogenous viral (ev) envelope antigen (Bacon et al. 1988; Crittenden 1991; Crittenden et al. 1970 ). The c280A RFLP may be useful for approximating this locus in populations that cannot be serologically typed for EaR. This has been done in the Compton population where a c280 PsA RFLP, probably analogous to c280A, has been mapped to C14 (data not shown).
Another RFLP marker, c372, is of potential interest in both poultry immunogenetics and developmental genetics. The expressed sequence tag of this cDNA is essentially identical to the previously cloned chicken macrophage migration inhibitory factor (MIF) (Wistow et al. 1993 ) and shows substantial homology to human and mouse MIFs. MIF is secreted as a lymphokine from activated T-cells and initiates the inflammatory response in macrophages. In the chicken, MIF also plays an important role in the developing eye lens and is widely expressed (Wistow et al. 1993) .
Markers for genes that are functionally significant will be useful for discovery and analysis of quantitative trait loci (QTLs). However, adequate marker spacing and genome coverage are also important in QTL studies. Many of the loci presented are useful to the East Lansing linkage map because they fill large gaps in the published map (c389, c372) or map to the terminal region of linkage groups (c497, c52, c342) and increase the linkage group size. If appropriate polymorphisms are found, the loci reported will also be mapped in the Compton population. This will help to create a consensus between the two chicken linkage maps and establish a firm foundation for genetic analysis of quantitative traits in the chicken.
Note Added in Proof:
The following reassignments of linkage groups have been recently made: COM153E and linked genes were reassigned form E2 to E20 (a number not otherwise being used); the small linkage group E44 was attached to the end of E2.
